The pilot survey by Grant et al. (1972) on farmer's lung disease in Scotland, reported prevalences of 86 and 23/1000 of the farming populations surveyed. Ayrshire in the West of Scotland gave the higher of the two prevalences and was therefore chosen for intensive study. Farm products from this area also yielded higher numbers of thermophilic actinomycetes than equivalent samples from East Lothian which had the lower incidence of disease (Wardrop, 1974) . The evidence that the antigens provoking disease occur in thermophilic actinomycetes, notably Micropolyspora faeni and to a lesser extent Thermoactinomyces vulgaris, is regarded as convincing (Pepys et al., 1962; Pepys and Jenkins, 1965;  significance, if any, of these precipitins in relation to disease is obscure. The sources of respirable organic dusts containing antigens which induce extrinsic allergic alveolitis in the farm environment are products such as hay, grain and dust generated by bruising and milling machinery. The present investigations were undertaken to compare the microbiological components of farms with (FLD) and without (non-FLD) clinical cases of farmer's lung disease.
As little is known about the significance of the microbiology of Scottish farms in relation to respiratory disease, we hoped to relate the occurrence 186 of commonly encountered mesophilic, thermotolerant and thermophilic organisms to the incidence of serum precipitins in diseased and healthy personnel. Additional studies involved the reactivity of sera to extracts from farm products.
The survey was carried out during March and April 1972 following a very good hay-making season and average grain harvest in 1971. The hay which was fed to animals had therefore been stored for eight to nine months and the grain for seven to eight months. Individuals working with these materials had been in contact with them and exposed to their antigenic content, if any, for a period of five to six months during the winter while feeding stock.
Materials and methods

SAMPLING OF FARM ENVIRONMENTS AND PRODUCTS
In Ayrshire, six dairy farms each with a known case of farmer's lung disease (FLD farms) and five dairy farms with no record of disease (non-FLD farms) in the six years previous to 1972, were chosen for microbiological examination during March and April 1972. One Perthshire dairy farm with a known case of farmer's lung was also studied. The 12 farms were of equivalent size (100-210 acres) and similar in agricultural practice.
The air in dairy byres of five FLD farms (LM, SB, MH, KM and A) and five non-FLD farms (MF, MT, WH, BM and B) in Ayrshire was sampled before and approximately five minutes after hay unbaling and dairy cattle foddering. The air in bruising sheds of four FLD farms (SB, EM, KM and A) and four non-FLD farms (MF, WH, BM and B) was sampled before and approximately five minutes after barley bruising or hammer-milling had begun. Samples were taken from the dairy byre and bruising shed of the farm (BP) in Perthshire before and after hay unbaling and before and after oats bruising respectively.
For sampling, an eight-stage Andersen Sampler (Andersen, 1958) was run at an air flow of 25 I/min for periods of between five and 30 seconds. The apparatus was loaded with eight disposable 9 cm Petri dishes and sampled air in farm buildings before (time A) and after (time B) hay unbaling or grain bruising. At time A the upper four plates (0-3) contained 2 % malt agar (M) and the lower four, which had three compartments, contained half-strength nutrient broth (Oxoid) with 500 mg/l cycloheximide (N + C), glycerol asparaginate (GA) and tap water (TW) in 2% agar media. Two sets of eight plates were successively exposed at time B. One was a set of malt agar plates subsequently incubated at 26°C, and the other was a set of three-compartment plates containing media as described above and incubated at 46°C.
Samples of hay, whole grain, bruised or hammermilled grain and dust off bruising and milling machines were collected at the time of unbaling, bruising or milling. They were placed in weighed sterile four-litre tin cans and the weight of each sample was determined. By means of a length of stiff polythene tubing connected to a modified tin lid, each sample was attached in turn to the sampler and shaken vigorously on a Griffin flask shaker for 30 seconds. Air was pumped out of the tin over the plates in the sampler until all air containing propagules released from the sample was removed and the tin buckled. Of two sets of plates used to sample each product, one containing 2% malt agar was incubated at 26°C; the other, consisting of threecompartment plates with media as described above, was incubated at 46°C.
COUNTING AND IDENTIFICATION OF COLONIES OF FUNGI AND ACTINOMYCETES
Total counts of colonies on all plates were made after 48 h according to the positive hole conversion and microscope method of Andersen (1958) . Mesophilic fungi on malt plates were identified after seven to 10 days. Thermophilic fungi on GA plates were identified after four to five days, or were sub-cultured and grown for a further 10 to 14 days. The more common thermophilic actinomycetes were identified to generic level: Thermoactinomyces vulgaris and Micropolyspora faeni were identified using the criteria of Cross (1968) Fig. 2 The number of colonies of mesophilic organisms x 10-6 isolated per m3 of air from dairy byres after unbaling hay (1), and from bruising sheds after bruising grain (2).
in work on nine FLD and five non-FLD farms. Two positive sera, one (B) from a patient in Perthshire and one (C) from a patient in Ayrshire were obtained from hospital clinics. Sera from a total of 11 FLD cases, 14 non-FLD personnel on FLD farms and 13 non-FLD personnel on non-FLD farms were tested. A control group of 50 sera was obtained from the Blood Transfusion Service, Edinburgh. Double diffusion (DD) in agar was carried out as described by Ouchterlony (1953) . Immunoelectrophoresis (IE) was by the method of Pepys and Jenkins (1965) and the numbers of arcs of precipitation were classified accordingly. Immunoelectroosmophoresis (IEO) was conducted according to the method of Gordon et al. (1971) .
Results
ORGANISMS IN THE AIR OF FARM
BUILDINGS
After hay unbaling and grain bruising, more mesophilic organisms were found per m3 of air than before. With four exceptions, the concentrations of thermophilic actinomycetes and bacteria were also higher after unbaling and bruising than before. There was considerable variation in the numbers of colonies of mesophiles ( Fig. 2) FLD farms were obtained for whole barley samples. The effect of processing was demonstrated by the very low reactivity of extracts from processed barleys. Extracts from dusts, however, reacted more frequently with sera than those from whole barley on both FLD and non-FLD farms. Table 4 shows that all sera were precipitinpositive to at least one of 60 extracts (Coca and TCA) of 30 samples of hay, grain and dust. A larger percentage of sera from non-FLD farms was positive to a higher number of extracts than in the other 2 groups. Non-FLD sera from FLD farms reacted to the lowest number of extracts. It was calculated that on average sera from FLD farms reacted to 16% of all extracts whereas sera from non-FLD farms reacted to 19%. Twenty-three The numbers of thermophilic actinomycetes and bacteria isolated per m3 of air after unbaling and bruising were higher from FLD farms than from non-FLD farms (Fig. 3(a) ). (Pepys et al., 1963; Festenstein et al., 1965) . Most of the antigenic content of FLH has been shown to occur in extracts of M. faeni which also yield the A, B and C arcs of precipitation characteristic of FLH in immunoelectrophoresis (Pepys et al., 1963) . It (Grant et al., 1972; Morgan et al., 1973; Smyth et al., 1975) . It is concluded from the Ayrshire results that a positive serological reaction indicates sensitisation with or without disease.
The numbers of healthy farmers with precipitins to antigens of M. faeni have been reported as none (Boyd, 1971), 15-21 % (Pepys and and 23 % (Morgan et al., 1973) . In the present study, 30 % of healthy individuals reacted with FLH in double diffusion tests and only 55% of those with disease were also positive. After using extracts of M. faeni and the fluorescent antibody test however the figure for all patients became 91 % and for all healthy individuals was 41 %. The use of a range of antigenic preparations from an isolate of M. faeni has been shown to be essential by Dick et al. (1973) . Increased incidence of detection of antibody to M. faeni has been claimed using fluorescent antibody (Parratt and Peel, 1972; Boyd and Parratt, 1974) and radioimmunoassay (Parratt et al., 1975) techniques. The present work has established the value of using several isolates of M. faeni from local farn environments in preparing serological reagents.
In an area of known high incidence of farmer's lung in the West of Scotland, even after a very good hay-making season the degree of preservation of hay from FLD farms, as indicated by microbial evidence of self-heating, was generally not as good as that of hay from non-FLD farms. There was also an unexpectedly high percentage sensitisation of personnel on non-FLD farms to FLH and various M. faeni extracts. These results emphasise the need for efficient hay-making and preservation of grain combined with the judicious use of efficient respirators (Gourley and Braidwood, 1971) for protection against antigen.
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